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ABSTRACT

(A series 0" aromatic polyesters based on either poiy(chlore-p-phenylene
terephtha’ate) or poly (methyl-p-phenylene terephthalate) modified by incor-
poration of various amcunts of bisphencls of different structures were nre-
pared and their thermotropic liquid crystal properties were studied by sevcral
methods including: (1) visual observation of stir-opalescence of th2 polvier
melts,(2) examination of melt birefrincerce gn a pelarizing microscope,
(3) studies of «mall angle 1ight scattering characteristiics, and {4) charac-
terizaticn by wide angle x-ray diffraction. It was found that the steric effect
of non-linear bispnenol modifiers were the most important factors in centroiling

{ the Tiguid crystallinity of the rasulting copoliyesters.
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INTRODUCT 103t

Gne of the most interesting recent develortnants in polymer chemistry
is the observation of liquid crystallinity in aromatic polyesters and
polyamides. For the aromatic polyamides, iiquid crysteliinity is observed
in solutions of the pciymers in specific solivents ¢nd can be referred to
as a lyotropic behavior]'4. In centrast, tre aromatic polyesters sncw
thermotropic behavior because liquid crystaliinity occurs in the me't
within a specific temperature range5'8. In both cascs the liauid ary-
staliinity is of the nematic type, indicatirg that tre rod-line nolymer
chains exist in ar approximataly para’lel arvray tut oot lined up erc-L0-
end. That is, there is a two-dimensioral but not a three-dimensicral
order in the liguid crystalline phase and the placenent cf the mescgenic
unit occcurs randomly within the parallel array of molecules within this
phase.

These types of polymers offer great potential in the combinaticr
of ease of processakbility with superior mechanical propert%es of strencth
and stiffness. Hewever, very little information has been reported in the
1iterature on the relationship between polyirer structure ard properties
in such systems. Towdrd this end, a systematic investization is being
carried out in this laboratory on the effect of variations in composition
of aromatic copolyesters c¢n their liquid crystalline behavicr and on their
resulting rheoiogical and mechanical properties. The specific systems
to be discussed in this report are based on copolyesters of either chlo-
rohydroquinone, CHQ, or methylhvdroguinone, MHQ, with terephthalic acid,
TPA, both of which are known to form nematic me]ts7. The copolymers
studied contained a series of bisphenols which were selected to determine

the effect of copolymer structure and composition on the thermotropic




behavior . The bisphencls examined for this purpcie had the following

general molecular structure:

HO—{0)— X ~/0CH

X Symbel Trivial Name
{none) BP biphenal
C(CH3)2 BPA bisphenol A
CH2 BPM bisphenol methane
0 opp oxydiphenc]
S 0P thiodiphenol
302 Sop sulfonyldircterol
Co DPB dihydroxybenzophanone
KO OH

‘@ RES resorcinol

As shown in the table, resorcinol wes also included in addition to the
parasubstituted bisphenols. Some preliminary results of the present study

have already been describedg.

RESULTS AND DISCUSSION

Svnthesis and General Properties of Poly(chloro-p-phenylene terephthalate)

and Copolyesters Containing Bisphenol Units.

A series of arcmatic copolyesters having ch]oro—p-pheny]ene terephthalate
(I,R = C1) and various bisphenol terephthalate (II;:Zthescribed above
were synthesized in a range of comonomer compositions varying, in general,
from 10 to 70 mole % of the bisphenol in 10 or 15 mole % increments, see

Tables 2-8. The overall range of compositions for each bisphenol is sum-

marized in Table 1.

O .
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In general polymer yields were high and the copolymer compositions

TO“@’O‘C"O—

(1) (11)

were essentially the same as the monomer compositions as shown in Tables 2
through 8. All 2; the polyesters in Tables 1-8 were insoluble in the
reaction w°d1:inpreL1 itated out as they were formed during polymerization
before 1 2aching high molecular weights. As a result, their molecular
weights were not expected to be very hign, and this expectation is reflected
by the relatwva1/ low solution viscosity rumbers obtzined for all samples.
Poly (chloro-p-phenylene terephthalate), the hormopolvmer frem chlorchydro-
quinone and tersphthalic acid of Table 2, wnich racd an inherent viscosity
as measured in trifluorcretharesulfonic acid of 0.382, could not be vharac-
terized for molecular weight by light scattering methods so it must have
had a molecular weight weil below 10,000, but no absolute value is as

yet available.

The melting points of the copolymers as determined by DSC were
usually much less well de®ined thj:fgﬁeoﬁorooo1ywers with broad and small
melting endotherms, esgecially for the compositions containing from 4C to
60 mole % of the bisphencl comonomers. This result is understandable be-
cause these copolyesters would be expected to either have low degrees of
crystallinity or to be completaly amorphous. The exceptions were the
CHQ/TDP copolymers cf Table 5,which showed sharp ard well defined melting
behaviors Ly' 0SC analysis even in this composition range. The melting

point of 340°C reported in Table 2 for the CHQ hnomopolymer may be

depressed because the polymer was apparently of quite low molecular weight.

v L s
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This polymer showed a very broad and shallcow encotherm extending from
about 360°C to the upper limit for the DSC analysis of 400°C which
is presumably associated with the transition from the liquid crystal
state to the isotropic melt; that is, with the clearing temperature.

Copalymerization with small amounts of the bisphenc! monomers initially
depressed the melting points as expected, but at nigher compositions th=
melting points either increased or continued to decrease depending on the
type of comonomer. In the range of compositional variations of the present
study, the CHQ/BP and CHQ/QCP copolyesters were examples of the
former type of copolymers wnile the CHQ/BPM copcolymers were of the lazter
type. A1l the melting temperatures reported in the table were obtained
on unannealed samples of the as-prepared polymers.

A1l copolymers containing 85 mole?% or more of the chlorohydrod&inone
units and all of the CHQ/B? copolymers of Table 7 were soluble at room tem-
perature in trifluoromethanesulfonic acid, and all of those containina lower
amounts of chlorohydroguinone units were soluble in p-chlorcphenoi. The
polymer solutions in trifuluoromethanesulfonic acid had colors ranging from
Jight green to brown and the colors deepened with time. Because of the ex-
tremely high acidity of this acid]o, it is likely that protonation and even
degradation cculd be responsible for these colored solutions. The solution
viscosities of the BP copolymers of Table 7 were much lower than those
of the other copolyesters. In most cases, because of slow rates of dis-
solution, at Teast 20 hours of contact time between the solvent and the
polymer was required before viscosity measurements could be made and, in
these strong acid solvents,nydrolytic degradation of the polymers could have

occurred to lower their molecular weights.
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Synthesis and General Properties of Ccpolyesters Derived from Methylhydroquinone
and Bisphenols.

A second series of copolyesters were prepared sased on methylhydro-
quinone (MHQ, R = CHy in I) instead of chlorohydroguirone with the resuits
shown in Tables 9 and 10. Poly {(methyl-p-pnenylene terephthalate) had a
higher melting point, 371°C,than that of the chlorahyZricuinone polymer, 340°C.
As can be seen frcm the data in Tabie %, the corolymerization oF MHQ with
BPA (for example, note the copolymer of 35/15 mole ratio) did rot depress
the melting temperature of the pclyester even trough the cejree of crystaliini-
ty was apprarently draszically reduced. However, the homooolvmer malting
point may well have been abnormally low decause *re molecilar wcight of this
polymer was apparently cuite low. Unlike all other cczclyesters investigatedg 1
in this study, at the 70/20 mole ratio, the MHG copclyestars witn BPA cid
not show a melting endotherm and it appeared that the crystailinity was com-
pletely destroyed. These copolyesters showed better sclubility than CHG
copolymers and could be dissolved in a 60 phenol/40 tetrachiorethane {v/w)
mixture as well as in p-chlorophenol. The copolymer prepared from an equirolar
mixture of HHQ and BPA was fairly soluble even in tetrachlorethane at rocm
temnerature.

A series of copolyesters was prepared from equirolar amounts of MHQ with
most of the bisphenols investigated in the series of CHQ copolyesters with
the results summarized in Table 106. In this series, polymer yields were high,
ranging 88 to 98.5%, and the innerent viscosity numbers were in the range of
0.4 to 0.67. The melting endotherms cbservéd cn the DSC thermograms were
rather broad for all of these copolymers with the exception of those from DEP
and from TDP. In this series BPM seemed to be most effective in lowering
the melting points of the resulting copolyesters. This result can probably

be attributed to the combination of the low polarity and the flexible nature

of tne methylene substituent between the two phenolic rings. The 50/50 BPA




copolymer did not show a melting erdotherm in the DSC thermogram, while

the 50/50 8P copolymer of Table 10 showed an extremely broad meltina

endotherm, and the melting point of this copolymer could not be properly defined.
A1l of the copolymers in Table 10, except the BP copolyester, were

completely soluble in p-chlerophenol, but they were only partially solubie

in the 60/40 phenol/tetrachlorethane mixture. The BP copolymer was soluhle

in trifluoromethanesulfonic acid.

Anisotropic Liquid Crystal Polymer Melts.

Thermotropic liquid crystalline phases have turbid melts and exhibit
anisotropic propérties such as birefringence and light scatteringT]'zé. A
particular characteristic is the observaticn of stir-opalscence of thesa
anisotropic melts. The polyesters prepared in this investigcation were esamined
visually for the occurrence of stir-opalescence in the melts.

From observations on stir-opalescence of pciymer melts, attempts were
made to qualitatively describe the intensity for each copolymer compositicn
as reported in the tables. With the exception of the BP copolymers, ail of
the copolyesters showed a gradual reduction in the intensity of stir-opales-
cence as the content of the bisphenol comonomer was increased. Copolymeri-
zation with all of these bisphencis markedly decreased the abilities of the
polymers to form into aniscotreopic Viguid crystal states. Anothar important
observaticn made was that some of the poiymers, for example the 60 CHG/4G RES
and 40 CHQ/60 RES copolyesters in Table 8, the 70 MHQ/30 BPA copolyester in
Table 9, and the 50 MHQ/50 BP copolyester in Table 10, all of which showed
essentially no crystalline melting transitions on DSC and presumably are
mainly amorphous in nature, exhibited stir-opalescence. This observation
indicated that even apparentiy amorphous linear polyesters can form liguid
crystal states above their glass transition temperatures if the structure of
the polymers favors the parallel alignment of the polymer chains in the melt.
The Tiquid crystal states of these polyesters could easily be quenched and

supercooled to room temperature.
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Ringsdor?® and coworkers = racent.y obsorved a s'milar phenomenon for

liquid crystalline polymers having poliysiloxane flexible spacers in the
main chain. These polymers also underwent a phase transitions from the
glassy state directly to the liguid crystal states at their softening points.
Because the melting temperatures of the polyasters of the present stucy
were fairly high, microscopic and small angle light scattering studies were
conducted at a room temperature or pclymer films preparec by quenching their
melts at a temperature of abcut 40-C above the meitine point with ice-weter,
As seen in the photomicregraphs of Figure 1: all of the Tiquid crystaliire
CHQ/BPA conolyester melts showed a marble texture {cownire Figures 1(z" with
1{b), and ](c))lé, anc tne 60 CHQ/SG BPA copolyester of Figure 1 showed cnly
a very limited degree of birefrincence with large areas of an agparently 1s0-
tropic phase as indicated by the dark areas in the wmicrephctograsn. Tne
B3 CHQ/S0 BPA copolyester revealed essentially no anisotropy and ¢id not
transmit any cross-polarized light. In these samples, the cccurrence cof a
homeotropic alignment from the 60 CHQ/40 BPA and 30 CHJ/50 BFA copolymers
resulting in darkness under cross-pclarizers is very uniikely. These obseorva-
tions are in complete agrecrment with the observed stir-opalescence prozerties
of these polyrers as described above. The same comparison was true for all

of the copulyesters investigated.

Fiqure Z shows the photcmemicrographs of two other copolymers which are

charecterized by a threaded Schlieren texture, a characteristic opticai texture ‘
e . L 16
of nematic mesophase
Small angie light scattering behavior of polymer films is also used
to obtain information on the wmorphological structure of polymers in the solid

17,18

state Because it is kncwn that Hv scattering with crossed polars is

influenced by structural anisotropy ard Vv scattering with parallel polars
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by the density fluctuation as well as structural anisctropy]7, only 4,
scattering characteristics of the polymers were measured. The scattering
patterns of some of the polymers are shown in Ficures 3 and . t can
be seen from these photographs that the intensity of the scatiered iig.t
steadily decreased with the content of the nonlinear bisghenol urits in the

copolyesters and that it finally becawe regligible or conpletely variska? for

the compositions which are believed to form oniy isotropic, non-liqui~ crystal
amorphous states. These cbservations are consistent witn the results obizined

fom the microsccoy study and from examinaticn of their stir-cpaleszcerce.

A = 45°  crossed, four-lea? clover shape 7or the scattering pattsrn was Chserved

y for tie Pomopolyrer derived from CHQ, while ¢.rcularly symmetric and
az.wuthally independent scattsring pattesrs were obtaired for ail of fne oilner
Tigutd crystal compositions. This result suggests that the scattering e ements
of these copoivesters are generally spherical in shape and have random orien-
tation correlations. In contrast, the homopolyrmer from CxQ apparently had 3
supersiructure consisting of rigid rod assemblies.

The small angle light scattering charactoristics of various liguid statec
of many iow moiecuiar weignt compounds and of some polymers hava been repor-
ted]9'21. Even though theoreticul interpretation of the scattering rhenomena
ty the liquid crystal mesophases reguires much more study, this method certainly
provides very useful information wien the size of anisotropic domains ave in
tne range of the wavalength of vi

22 . . , ) .
demonstrated by us and others™ , this method could be used also to follow

itie Tight or about 1000 ~ 10000 A®. £s

directly the pnhase transition from the Tiquid crystal state to jsotropic state
provided that the transition temperature i3 not too high and is below the de-

composition temperature of the polymers. For the present series ot polyesterw,




however, the transitions from the mesophase t2 the isotropic phase cculs not
be followed by this method because the polyme: s underwent thermal decomposition
before the transition to the isctropic melt.

The wide angle x-ray diffraction pattarns of the Tiquic crystal state
(quenched melt films) of some of the polymers examined were basicilly the 3:27e
as those expected tor nematic stat6523. As shown in Figure 5, the diifracticr
pattern of the polymer melt of the 70 CHQ/Z0 Q0P ccpolyester of Tabls &, «x-
hibited a broad and weak inrer ring and a stronger diffuse ring at 2 Jarger
angie {23 = 20.3°). The interplanar distance between parallel polymer 7nii-s
in the nematic state as deducea from this value of 23 using the De Vries!'

23,24

modification of the bragg equation was 4.8A% . Otner liguid crystal

conpositions prepared in this invectigaticn, for example the CHQ/5PA couniyesters,
also showed interplanar spacinas of approximetely 4.7-5.0 AS. In general.
inclusion of higher awounts of nonlinear bischenol comonomers tended to
increase the interp’unar cdistance. Further x-ray studies of these polviers
are in progress.

The reiv viccoeity of & liguid crvste

7elt 1s known To be, in generai, mucn (Cwer Tnin tn.t oF an isotin)ie mell

for polvrers of the same molecular welicht., In tnc present work, the 2dserva-
tion of stir-opalescence of polymor melts betwecrn tuo nicrosco
cn a Fisner-Johns melting point apparatus permitied at least a highly qualita-
tive cenclusion that the Tiquid crystal melts were indeed much less viscous
than the isotropic melts of nenliquid crystailine polyrmers, and movement of
the top microscope cover glass was inuch easier with the liquid crystal melts
than with the isotropic melts. Further study on the melt rheology of these

poiymers in relation to their structure and compositior, which is presently
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in progress in this laboratory, is expectod *ta give a more detailed picture

on the relationship between melt behavior and polymer stiructure.

Dependence of Liquid Crystallinity of Linear Arormatic Polyesters on Thei:

Structure.

} 8y considering all the characterizaticn resulis rencrtes

hydrcquinone copolyesters, we can arrive at sime semi-quantiteiive oo 'us:
about the maximum or threshold amount cof each of tre bisghencl corcromers
which can be incorporated intc the copolymers without compiate czatr.

i of the ligquid crystal nature of the resulting copolyiars., With the e.oont e
of the ciphenol copolymers {x <s a direct covaient bend), all of the
copoiymers consisted of random arrangements of linear chloro-p-pneryle.c tere-
phtnalate units (I) with nor-linear estcr units (II) derived from the %i-
sohenols and terepnthalic aci

The differerces in the degree of non-linearity or bending caused by zne

i presence of the middle substituents, x, between the two pherolic rings of

h

; the bischenol moncirer: were all within about a 57 angle,whicn indicates *nat

1 the degree of molecular benain: caused by these substituents was aprroxicatols

the same. The bond angles around the center atams of the substiiuents ~ingec

from asout 105° to 110°C. The differences in relative sizes of the suustituent

n

3
nowever, were much greater, and it is to he expectea that the larger araup
(e.g. - C(CH¢)2 - and -502-) caused increased separation of the parallel

~

polymer chains to destabilize the nematic mesophaseg’zs.

This expectation
was borne out by the observations made in the present study as summarized
in Table 11, which cleariy shows that the greater the bulkiness of the middle

substituent in the bisphenol unit, the lower the threshold comonoiner amount
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which could be accommedited in the copolymer withcut completeiy Tur -
liquid crystalline characteristics.
The copolymers of CHQ and RES were unique in that the rz-ur

unit does not have a middle substituent, as in bisphenols, ard is

ST

maintain the rigidity of the polymer chain, but i%ts presar.e @4
of 120° along the backbone of the polvmer chains destroying <ne Si. :
Again, this non-linearity is expected to reduce the perali-b zonai.

of the nolymer chains in the nematic state and, :thersby, o deords .o
7

-

stability ¢f resophase. Copolvesters of MHO/BPA [72b
with other dispherols (Table 1707 snowed & similar struciural a0 .. ot
their liguid c¢rystailinity on the type and arount of the Liscthart.s
rerized,

The sterenqeometry Or space-iiiling characteristics of polyrer o, -
cules and the bulxiness of substituents are considered fo be the twe v
important faciors in controlling the liquid crystailine cCharecteristice
thermciropic, liquid crystalline, arcmetic pouiyesters investigatad e s
Tne electronic or nolar effects of the substituents on the liquicd cryst. 0

Srogertios was rot as clear as the steric effects and zelred Lo 20 veté

ot

minor ir compariscn.

R , & . . . . A .
Mcrariane and coworkers” studied the thermotropic liquia cryztal

Y

perties =f polyesters based on p-oxybenzcate modified PET. They alsc
corporated into their pciymers various nonlinear bisphenols, such as @
ang SOP, as well as non-linear dicarboxylic acid, such as isophthalic 7.
They found that the inciusion of 30 mole 7 of either BPA or SCP coula oo
pletely destroy the liquid crystallinity of the base polymer. Replacemen:

of the linear p-oxybenzoate units with the ecuivaient non-linear m-oxybe: 2 e

units (which impart a vending angle of 120° to the backbone) also lead to

2418 PAGE 15 BEST QUALITY Pan iR
Joud OGZY FOXNL5H TO MG o asew




11

P
non=liquid crystalline or isotropic compositions. These cbservations were
also attributed to the changes in geometry of the poiymer chains caused

by the presence of the ron-linear comcrerer units.

Tt 1s to be expected
that the liquid crystailinity of p-oxybenzcate-ncdifiod PET would be des-
¥ troyed more easily by the presence of small amounts of nca-linear bispnenols
than for the aromatic polyesters cf the present study because p-Gxybonziate-
modified PET has non-mesogenic etnylene glycol units, which can also disrust

the mesophase.

ONCLUSISHS

It has been demonsirated tnat the thermctropsic Tiqui

t

(&%

crystailine ;ro-

perties of the aromatic polyestars derived from tererrthaliz acid ard eiiner

-

methylhydroguinone or chlorohydroguinone copolywerized with varying amcunts
of different bisphenols were greatly dependent upon Scth the structure and
amount of the non-linear comonormer units or “spacevs". The non-linear ti-

spnencl spacers containing iarge or bulky central sunxstituents between the

two pherolic rings were found to be more effective in destroying the liguid

crystal pronerties of the resuizing copolyesters taan fhoase with smaller
V) prof Y

‘ substitucnts. Hence, it was conciuded that the ceometiric and steric effecis

imparted to the pclymer chain backbones by tha comononers were the most

important contrclling factors affectin

w2

the liquid crystallinity of the

arcmatic copnlyesters.

EXPERIMENTAL SECTION

Preparation of Polyesters. A1l of the polyesters were prepared at room

temperature by the reaction of an aromatic diol mixture with terephthaloyl

chloride in a mixture of 1,1,2,2-tetrachioroethane and pyridine. Detaiied
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. . . it
procecures were described in an earlier paper’™.

Characterization cf Polymers. Innhevent viscosities of polymers were deter-

mined using a Cannon-Ubbelhcde *ype visconeer. The thermal properties

were measured under a nitrogen atcwscnere on a Perkin-tlmer DSC-1E with a

(&%)

heating rate of 20°C/min. The tenperature of encotherm maximun was taken as
the melting point of the poiymer.

Visual cbservation ¢f stir-cpaiescence o7 poiyiwmer nelts was made as
foilows: a small amourt cof the poiymer sample was placed between tw: micro-
scope cover giasses on e Fisner-Jdchns melting point apraratus and hea*sd
rapidly to the melting temperature, which had been predctermined by OSC.

The heating rate was then reduced to about 20°C/min., znd the fep cover
glass was moved back and forth with a micro-spatula while the occurrence of
stir-opalescence was visually chbserved with a magnifying glass attached tc
the apparatus. Continucus cbservaticns were made up to the decomposition
temperature cf polymers.

For microscopy end smail angle light scatiering studies, a small amount

)

of the polymer seupie was placed belween two micrascupe cover glasses ¢n 2

Fisher-John; apparatus, which had been preheated to a tempcrature of 45-3507°C

above the polyrer melting point. After the scémple meltacd completely, i
J Y

(]

melt was rapidly querched in an ice-water bath and the sample was stored
at low temperature. The thickness of the quenched melt films was generally
in the range of 10°25myu . The optical texture of the samples was studied
using a microscope (Leitz, Orthclus model) equipped with a pair of cross-
polarizers. The small angle light scattering characteristics of the samples
were examinad by a He-Ne (X = 6328 A®) laser fitted with a red filter on

an opticel bench with a pair of cross-polarizers. The scattering pattern
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was photographed using Polaroid type 52 or 57 7ilms. A 1pm pinhole
was placed behind the samplie. Tne sample to film distance was 32-35 cail.

Samples for x-ray analvsis were prepared in a different manner. The

polymer powcer (about 0.3@) was spread inside a tcat made of aluminum

.=

foil coated with polyetrafiuorcethyiene (du Pont“Teflo;) and the boat

was floated on a salt baih, which was nrehecatad tc abcut 50°C above the
melting temperature of the polymer. When the sample vias completely melted.
the boat was remcved from the bath while liguid nitrocen was coured in‘c
it. The guenched polymer wac pressed at & rcom temperature into a thin
(~C.5mm) round peliet, which was used for x-ray analysis at rocm tempera-
ture. The original poly er powders were also pre~ced into thin pellets

for x-ray analysis. The pelletized samples were affixecd to the sample

holder in an x-ray machire for a 16 to 30 hour exposure.
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TABLE 1. Types and Amounts of Jisphenol Monomers
Used to Prepare Aromatic Copalyesters:

HO-0)— X ~L'— CH

Composition Range,

X Abbreviation mole%
-C(CH3) ;- BPA! "~ 50
CH,- BPKE 30 ~ 70
“0- ops? 30 76
-s- 700 30~ 60
-50,,- <np® 15 ~ 60
- gp° 30 70
~. - e e .
& RES 15~ 70
1. Bisphenol A 2. Bis(4-hycroxyphanyl) methane 3. 4,8"-Oxydiphenol

4. 4,4'-Thiodiphenol
7. Resorcinc)

w

4,4'-Sulfonyidipherol 6. Biphenol

TABLE 2. Synthesis and Progperties of JHT/3TM Capoiyesters

Monomerf/ﬁcies Yﬁgﬁﬁj—ﬂ—&—‘-_§§1}ké?r_ ] \ Stir-
CHQ/BPA wt.% Chég;;ge Csrggggé vt ninh* M.P.,°C Opalescence
1CC/0 G7.6 12.9 12.8 0.384 340 very strong
90/10 98.9 11.3 11.5 0.453 347 very strong
70/30 92.9 8.30 8.40 0.638 336 weak
60/40 83.0 6.92 7.06 0.566 - very weak
50/50 92.3 5.61 5.67 0.584 - none

*
Measured for solutions in p-chlorophenol at 45°C, except for the first polymer
which was measured in trifluoromethanesulfonic acid at 30°C.

.-

— e e et . - g 1w e —————— gt = - — ’
[P [



18

TABLE 3. Synthesis and Properties of CHG/BPM Copclyesters

Monomers/moles Yield,

~ * Stir"
CHQ/BPM wt. % Minh M.P.°C Opalescence
70/30 ) 98.3 0.630 304 very strong
50/50 97.1 1.407 304 strong
40/60 92.5 0.433 296 strong
30/7C 36.7 0.718 - ncne
*

Measure for solutions in p-chlorophenol at 45°C.

TABLE 4. Syrthes$is and Properties of CHQ/CGDP Copoly~sters

Monorer/iole Yieid, . Stir- T
CHQ/CDP wt. Tinn M.P.,°C _Opalescence
70/30 95.4 0.433 298 very strong
50/50 97.8 0.484 227 strong
40/60 95.9 0.401 320 strong
30/70 94.0 0.395 389 weak

*
Measured for solutions in p-chlorephenc] at 45°C

TABLE 5. Synthesis and Prcperties of CHQ/TDP Copolyesters

Stir-
Mongmers/mole Yield n, . * o .
TGP Wt. o inh M.P.°C. Opalescerce
70/30 98.3 0.503 314 strong
50/50 97.2 £.709 339 strong
40/60 99.0 0.655 348 weak

* 1] 3 » »
Measured for solutions in p-chlorcoherol at 45°C.

- —— - et At e e v e - - ———— e
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TABLE 6. Synthesis and Fropercies of CHQ/SDP Copolyesters
Monomer/meole Yield, ”inh* Stir-
CHG/SOP wt. b M.P.,°C. Opalescence
68/15 99.8 - 334 very strong
70/30 98.0 0.439 342 strong
60/40 96.6 0.479 376 strong
50/50 91.9 0.315 367 weak
40/60 98.8 0.440 - none
*Measured for solutions in p-chlorophenct at 45°C. )
TABLE 7. Syntnresis and Properties of Cn(/2? Copolyestars
Monomer/mole Yield, o " M.p..oC “_St”"
CHQ/BP Wt.% r(:l n-n I SRR Opdxeg)cence
70/30 99.3 0.107 340 strong
50/50 99.1 0.163 354 strong
30/70 99.3 0.224 330 strong
*- . —
Measured for sclutions in trifiucromethanesulfonic acid at 3C°C: it is

possibie that these polywers underwent hydrolysis during characterization.

TABLE 6. Synthesis anc Properties of CHQ/RES Copolyesters
|
Monomer,mole Yield, P Stir- ’
CHQ/RES wt. % M.P.,°C Opalescence !
85/15 97.7 - 334 very strong !
70/30 98.0 0.363 230 very strong
50/50 98.2 0.422 - strong
40/60 99.4 0.476 - weak
30/70 99.4 0.390 337 none

B W
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TABLE 9. Synthesis and DProperties of MHQ/BFA Ceopolyesters

Monomer,mole Yields Ny ¥ Stir-
MHQ/BPA wt.% inh M.P.,°C Opaleszence
100/0 96.2 - 371 very straong

85/15 95.9 0.491 369 strong
70/30 96.4 0.604 - vary wesik
50/30 92.7 0.496 - ncne

k3
Measured fcr sciutions in 60 phenci/40 tetrachlcroethare (w/w) at 35°C

ST

TABLE 10. Synthesis and Properties of
50 MHQ/50 Bisphenol (moles) Copolyesters

Bisphenol Yield, Ninh 2 M.P.,°C Stir-
7 wt.? - Opalescence
BPA 92.7 0.493 - none
BPM $8.5 0.670 289 strona
0DP 92.8 0.524 350 strong
TDP 88.0 0.410 334 strong
SoP 94.3 0.535 354 weak
pep’™! 94.3 0.438 399 strong
EP 98.6 - - strong
1
1. 4,4'-dihydroxybenzophenone, X is -C0- 3
*2. Measured for solutions in p-chlorophenol at 45°C except for the BPA :
copolyester, which was measured for a solution in 60 phenoi/a0
tetrachloroethane fy /) mixture at 30°C.
\
| J R i o
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TABLE 11. Maximum Awount of Each Bi-phencl Which Could be
Copolymerized Without Complete Destruction of the ;
Ligquid Crystaliinity of the CHQ Copolyester. !

Bispheol Maximum Amount,
mole %
BPA | 40 f
SDP 50 )
BPM 60
TDP 60
RES 60
opP 70

BP 100 1
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Figure 1. Photomicrographs o the Queached Meits of
. hl | SooATn .
i CT e Uiy

(Photogransh snaens &

{a) Phowsivicregrarn ¢f Poly{chloro-n-phenyiene ate
(Magnification & 3280)

e v\n'T-' TR e
~ e

{/EFA Copolyestcrs
\

- —

»

b be i

5
s o




INY
o

(¢) Pnoicrizronraph of 70 CHO/ZT BPA Corolyester
Magni

[ i ioh
TICALTON 4 Souy

15 e AT e

(d) Protemicroaraph of 00 (HG/40 BPA Co- ' -
R




. 24 .
Figure 2. Photonicrographs of the Quenchod Maiin of 70 G730 038 ard
| 70 CHQ/30 DR Copolyesters (Pactogrs a szmple lengtih

! 440 ).
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Figure 3. Small Anjle Light (HV) Scatizring Patterns of

CHQ/BPA Copolyesters
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Figure 4. Small Angle Light (HV) Scatterina Patterns of
CHQ/SDP Copolyesters
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Figure 5. Wide Angle X-Ray Diffraction Patterns of
70 CHQ/30 0ODP Copolyester

(a) Diffraction by the Origina]'Samp1e

(b) Diffracticn by the Quenched Sample
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